








OXYGEN  ACTIVATION  MAY  BE  UNCOORDINATED  SITES  OF  GOLD 
NANOPARTICLES  !S  FOR  THE 7'3  REACTION  A  RECENT  WORK  ON 
MODEL  SAMPLES  ;=  SHOWS  THAT WATER DISSOCIATES ON OXYGEN 
VACANCIES OF  THE OXIDE NANOPARTICLES  IN  CLOSE CONTACT WITH 
THE GOLD SITES -OREOVER THE ROLES OF CATIONIC AND ANIONIC !U 
;=  ARE  WIDELY  DISCUSSED  IN  THE  LAST  TIMES  !S  FOR  THE  REAL 
CATALYSTS  IT CAN BE  RELEVANT  TO UTILIZE METHODS ABLE  TO  TEST 
AND DISTINGUISH THE DIFFERENT GOLD SITES EXPOSED AT THE SURFACE 
IE STEP AND CORNER SITES ON NANOPARTICLES CATIONIC OR ANIONIC 




IN  ORDER  TO  HAVE  ADDITIONAL  INFORMATION  ON  THE  NATURE 
STRUCTURE  AND  ON  THE  OXIDATION  STATE  OF  THE  GOLD  SURFACE 
SPECIES 3HEPPARD AND .GUYEN ELEGANTLY DEMONSTRATED THE 
CORRELATION  THAT  EXISTS  BETWEEN  THE  BONDING  GEOMETRY  OF 
ADSORBED  CARBON  MONOXIDE  ON  THE  METALS  AND  THE 
WAVENUMBER OF THE #/ STRETCHING VIBRATIONS ;= 4HEY ALSO 
DREW ATTENTION TO TWO OTHER FACTORS WHICH CAN IN¾UENCE THIS 
WAVENUMBER  THE  COEXISTENCE  OF  SURFACE  ATOMS  HAVING 
DIFFERENT  NUMBERS  OF  NEAREST  NEIGHBOURS  AND  THE  DIPOLAR 
INTERACTION BETWEEN ADSORBED MOLECULES 4HESE FACTORS ARE 
OF PARTICULAR IMPORTANCE IN SPECTRA FROM SUPPORTED CATALYSTS 








BEEN  EXTENSIVELY  STUDIED  ON  SINGLE  CRYSTAL  SUBSTRATES  )N 
PARTICULAR INVESTIGATIONS USING STEPPED SURFACES HAVE ALLOWED 
MORE  CONTROLLED  STUDIES  ON  THE  IN¾UENCE  EXERCISED  BY  THE 







BY  A  SIMILAR  AMOUNT  BUT  IN  THE  OPPOSITE  SIDE  ;=  4HIS 
DIFFERENCE  HAS  BEEN  RATIONALISED  IN  TERMS  OF  THE  RELATIVE 
BALANCE OF S  AND  BONDING OF  THE  TWO  SURFACES  ON BOTH 
METALS BONDING AT STEP SITES IS STRONGER THAN AT TERRACE ONES 
















































TEND  TO  TRANSFER  INTENSITY  FROM  LOW  WAVENUMBER  BANDS  TO 
THEIR HIGHER WAVENUMBER COUNTERPARTS )N A NUMBER OF CASES 
ISOTOPIC MIXTURES HAVE BEEN USED TO MODIFY THESE INTERACTIONS 




AND  #/¯#/  ISOTOPIC  MIXTURES  ON  SOME  DIFFERENT  GOLD 
CATALYSTS  SUPPORTED  ON  DIFFERENT  OXIDES  AND  MIXED  OXIDES 
DIFFERENTLY  PRETREATED  4HE  ABSORPTION  CHANGES  BOTH  IN 
POSITION AND SHAPE OBSERVED WITH THE TEMPERATURE AND WITH 
THE  ISOTOPIC  MIXTURES  COMPOSITION  WILL  BE  EXAMINED  AND 
INTERPRETED 4HE PREVIOUS ASSIGNMENTS TO THE ADSORPTION ON 




4HE  EXAMINED  SAMPLES  HAVE  BEEN  PREPARED  BY  THE 
DEPOSITIONPRECIPITATION  METHOD  AS  REPORTED  IN  THE 
REFERENCES  QUOTED  IN  4ABLE  )  THAT  CONTAINS  ALSO  ADDITIONAL 
EXPERIMENTAL  INFORMATION  4HE  SAMPLES  THAT  WILL  BE 
EXAMINED  IN  DETAIL  IN  THIS  PAPER  HAVE  BEEN  DIFFERENTLY 
PRETREATED IN PARTICULAR !U4I/ !U#E/ AND !U:R/ HAVE 
BEEN  REDUCED  IN  (  AT    +  WHILE  !U#E/4I/  WITH  A 
#E/4I/  RATIO      HAS  BEEN  CALCINED  AT    + 
&URTHER  SPECI½C  CHARACTERISATION  DATA  GOLD  LOADING  "%4 
SURFACE AREA AND 4%- PARTICLE SIZES	 ARE REPORTED IN 4ABLE ))
&4)2  SPECTRA  WERE  TAKEN  ON  A  0ERKIN%LMER   
SPECTROMETER  EQUIPPED  WITH  A  -#4  DETECTOR	  WITH  THE 
SAMPLES IN SELFSUPPORTING PELLETS INTRODUCED IN A CELL ALLOWING 
THERMAL TREATMENTS IN CONTROLLED ATMOSPHERES AND SPECTRUM 
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MADE  IN MANY  CASES  LOOKING  AT    EXPERIMENTS  AT  DIFFERENT 
TEMPERATURES  ON  DIFFERENTLY  PRETREATED  SAMPLES  AND  AT 
DIFFERENT  EQUILIBRIUM  PRESSURES  -OREOVER  SOME  NEW  DATA 
MAINLY  #/¯#/  ISOTOPIC  MIXTURES  EXPERIMENTS  WILL  BE 
ILLUSTRATED IN THE NEXT SECTIONS !LL THESE DATA ARE TAKEN FROM 










DATA  OF  #/  ADSORPTION  ON MONOCRYSTALLINE  GOLD  ;=  OR  ON 
MODEL GOLD CATALYSTS ;=
!S FOR THE FREQUENCY RANGES OF THE BANDS SUMMARIZED IN 
THE  SAME 4ABLE  SOME OVERLAPS  FOR  DIFFERENT  SPECIES  OCCUR 
(OWEVER  THE  ASSIGNMENTS  ARE  SUPPORTED  BY  THE  SPECI½C 
EXPERIMENTAL CONDITIONS  IN WHICH  THE SPECTRA WERE  RUN  FOR 
EXAMPLE THE ASSIGNMENT TO NEGATIVELY CHARGED NANOCLUSTERS 
CAN  BE  SURELY  EXCLUDED  WHEN  THE  #/  INTERACTION  WAS 
PERFORMED  ON  OXIDIZED  UNREDUCED  SAMPLES  -OREOVER 
ADDITIONAL  EXPERIMENTAL  DATA  PARTICULARLY  THE  SPECTRA 
PRODUCED  BY  INTERACTION  WITH  ISOTOPIC  #/¯#/  MIXTURES 
CAN BE VERY USEFUL
#/  WHEN  USED  AS  A  PROBE  CAN  RELATIVELY  EASILY  REDUCE 
GOLD CATIONS POSSIBLY LEADING TO METALLIC GOLD THE PROBLEM 
CAN  BE  OVERCOME  BY  STUDYING  THE  #/  INTERACTIONS  AT 
TEMPERATURES  AS  LOW  AS    +  4HESE  EXPERIMENTS  ARE 
SIGNI½CANT AS IN THE LAST YEARS THE RELEVANCE OF CATIONIC GOLD 
AS ACTIVE SITES FOR #/ ACTIVATION IN THE 7'3 REACTION HAS BEEN 
CLAIMED  ;=  4HE  CHARGE  STATE OF  THE GOLD NANOCLUSTERS  A 
CONTROVERSIAL  AND  WIDELY  DISCUSSED  MATTER  IS  AMONG  THE 
DIFFERENT FACTORS THAT HAVE BEEN CONSIDERED FOR THE DISCUSSION 





/N  MANY  GOLD  SUPPORTED  CATALYSTS  ;=    IT  HAS  BEEN 
OBSERVED  THAT  THE  ABSORPTION  SPECTRA  OF  #/  ADSORBED  ON 






THE  EQUILIBRIUM  PRESSURE  THE MAXIMUM  OF  THE  ABSORPTION 
BLUE  SHIFTS  UP  TO    CM  AND  THE  INTEGRATED  INTENSITY 
GRADUALLY  DECREASES  (OWEVER  THE  LINEWIDTH  AND  THE 
ASYMMETRY  FROM  THE  LOW  FREQUENCY  SIDE  REMAIN  STILL 
PRESENT ,OOKING AT THE SPECTRA PRODUCED BY INTERACTION WITH 
  #/¯#/  MIXTURE  AT  DIFFERENT  EQUILIBRIUM  PRESSURE 
ON  THE  !U4I/  &IGURE  B	  BANDS  AT    CM
  AND  AT 
 CM ARE OBSERVED 4HE  CM COMPONENT RELATED 




PURE  #/ SHOWN  IN &IGURE A  &7(-   CM  IN  THE  
#/¯#/ MIXTURE  IN  RESPECT  TO  &7(-      CM  IN  PURE 
#/	 4HESE FEATURES ARE HIGHLIGHTED BY THE CURVE½TS OF THE 
SPECTRA  TAKEN  IN   MBAR  OF  #/  &IGURE  A  INSET	  AND  IN 
 MBAR OF  #/¯#/  &IGURE B  INSET	 WITH  TWO AND  FOUR 
LORENTZIAN BANDS RESPECTIVELY
,OOKING AT THE SPECTRA SHOWN IN &IGURE  IT APPEARS CLEAR 
THAT  ON  THE  GOLD  NANOPARTICLES  THERE  ARE  TWO  KINDS  OF 
ADSORBING SITES MUTUALLY INTERACTING !T HIGH COVERAGES AND 
IN PURE  #/ AN  INTENSITY  TRANSFER  FROM THE  LOW TO  THE HIGH 
FREQUENCY  BAND  OCCURS  WHILE  THE  COUPLING  IS  REDUCED  AT 
LOWER COVERAGES OR IN THE ISOTOPIC MIXTURES 4HE SPECTROSCOPIC 
FEATURES  QUITE  CLEARLY  INDICATE  AN  HIGH  HOMOGENEITY  OF 
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DE½NITELY  DIFFERENT  FROM  THE  INHOMOGENEOUS  BROADENING 









GROWS  UP  AND  SHIFTS  TOWARDS  HIGH  FREQUENCY  WHILE  AT  THE 
SAME  TIME  THE  BAND  AT    CM  SHIFTS  TOWARDS  LOW 
FREQUENCIES  &ROM  THESE  EXPERIMENTS  AN  EXTRAPOLATED 
FREQUENCY OF  CM FOR THE #/ VIBRATIONALLY DECOUPLED 
OSCILLATORS IS OBTAINED "Y COMPARISON WITH THE FREQUENCY OF 
THE  SAME  ABSORPTION  BAND  EXTRAPOLATED  TO  ZERO  COVERAGE 
SHOWN IN &IGURE A THAT IS  CM A CHEMICAL SHIFT OF  
CM  IS  FOUND  4HESE  RESULTS  FURTHER  SHOW  THAT  LATERAL 
INTERACTIONS  PRODUCE  SIGNI½CANT  EFFECTS  ON  THE  OBSERVED 
SPECTRA 
/N THE BASIS OF THESE DATA  THE TWO COMPONENTS CAN BE 
ASSIGNED  TO  #/  ADSORBED  ON  TWO  DIFFERENT  KINDS  OF 
UNCOORDINATED SITES CLOSELY RELATED AS STEP AND CORNER SITES 
EXPOSED ON SMALL NANOPARTICLES 4HIS ASSIGNMENT IS A REVISION 
OF  THE PREVIOUSLY PROPOSED ONE  IN  THE OLDEST PAPERS  ;= 
WHERE  THE  CM  BAND WAS ASSIGNED TO GOLD SITES 
EXPOSED ON THE METAL PARTICLES AND THE  CM ONE 







  MBAR  OF  #/  AND  #/¯#/    MIXTURE  RESPECTIVELY 
AT    +  AND  HEATED  UP  TO  RT  IN  THE  SAME  ATMOSPHERE 
4HE INCREASE OF THE TEMPERATURE PRODUCES AN EFFECT SIMILAR TO 
THE  REDUCTION  OF  THE  EQUILIBRIUM  PRESSURE  IE  A  DECREASE 
OF THE SURFACE COVERAGE )N &IGURE A A BAND CENTRED AT  
CM  IS  EVIDENT  4HE  POSITION  OF  THE  BAND  IS  SIMILAR  TO  THAT 
OBSERVED ON THE !U4I/ SAMPLE AT THE MAXIMUM COVERAGE 
BUT IN THIS CASE THE MAXIMUM DOES NOT SHIFT BY INCREASING 
THE  TEMPERATURE  DECREASING  THE COVERAGE	 4HE  #/¯#/ 













































FROM  THOSE  REPORTED  IN  &IGURE    AND  IN  &IGURE    FOR  THE 
!U4I/ AND !U:R/ SAMPLES /N !U#E/ AT THE MAXIMUM 
#/ COVERAGE &IGURE A	 A QUITE BROAD AND SIGNI½CANTLY RED 
SHIFTED  BAND  APPEARS  AT    CM  WHILE  IN  THE  ISOTOPIC 
MIXTURE EXPERIMENT  &IGURE B	  THE MAXIMUM OF  THE BAND 
RELATED TO #/ IS NOT SHIFTED AT ALL AND TWO BROAD ABSORPTIONS 










OF   MBAR  #/  AT  RT  AND  AT  DECREASING  COVERAGES  AT  THE 
SAME TEMPERATURE ON !U#E/4I/ SECTION A ORANGE CURVE	 
AND  THOSE  PRODUCED  BY  THE  INTERACTION  WITH  A  #/¯#/ 
MIXTURE  SECTION  B  ORANGE  CURVE	  BEING  THE  SAMPLE 
PREVIOUSLY OXIDIZED AT  + "ESIDES THE USUAL BANDS RELATED 
TO #/ ON THE SUPPORT AND ON PARTIALLY OXIDIZED METALLIC GOLD 
AT      AND   CM  A  BROAD  ABSORPTION BAND  AT 
 CM  IS OBSERVED  IN THE SECTION A 4HIS BAND  IS ALMOST 
COMPLETELY  IRREVERSIBLE  TO  THE  OUTGASSING  AT  RT  GIVING  AN 
EVIDENCE OF A STRONG BOND BLUE CURVE IN &IGURE A	




THE  PRESSURE  SIMILAR  TO  THAT  SHOWN  BY  THE  COMPONENT 
AT  CM ASSIGNED TO #/ ON 4I SITES	 TWO COMPONENTS 
AT    CM  THAT  IS  SUPERIMPOSED  TO  AN  IRREVERSIBLE BAND 
AND AT  CM THAT CAN BE ASSIGNED RESPECTIVELY TO #/ 
AND  #/  ADSORBED  ON  VERY  SMALL  GOLD  PARTICLES  PARTIALLY 
OXIDIZED  &INALLY  TWO  BANDS  AT    AND    CM  ALMOST 
COMPLETELY  IRREVERSIBLE  TO  THE  OUTGASSING  AND  ASSIGNED  TO 
#/ AND #/ ADSORBED ON CATIONIC GOLD 4HE SMALL FREQUENCY 




OF  THE  !U  CATIONS  4HE  THEORETICAL  WORK  OF  "AGUS  AND 
0ACCHIONI ;= POINTED OUT THAT THE MODI½CATIONS IN THE #/ 
STRETCHING FREQUENCY AS A FUNCTION OF THE OXIDATION STATE OF 











!  DEEP  UNDERSTANDING  OF  THE  RELATIONSHIP  BETWEEN  THE 
NANOSTRUCTURE  AND  THE PHYSICAL  AND CHEMICAL PROPERTIES OF 
GOLD  CATALYSTS  HAS  BEEN  ATTAINED  BY  THE  ANALYSIS  OF  &4)2 
ABSORPTION SPECTRA OF #/ ISOTOPIC MIXTURES ,OOKING ALSO AT 
THE  PREVIOUSLY  ILLUSTRATED  DATA  AT  THE  MICROSTRUCTURAL 

























SPECTROSCOPIC  FEATURES  SUMMARIZED  IN  4ABLE  )  IT  CAN  BE 
CONCLUDED THAT
A  4WO  KINDS  OF  MUTUALLY  INTERACTING  SITES  CORNER  AND 
EDGE SITES	 ARE THE ADSORPTION SITES OF #/ ON THE GOLD 
METALLIC PARTICLES WITH SIZES OF  NM
B  3ITES MUTUALLY  INTERACTING  EXPOSED  AT  THE  SURFACE  OF 
NEUTRAL  NON  METALLIC  NANOCLUSTERS  ARE  THE  ADSORBING 
GOLD  SITES  ON  HIGHLY  DISPERSED  GOLD  ON  UNREDUCIBLE 
OXIDES AS ZIRCONIA PREVIOUSLY SHOWN D   NM	 
C  !LMOST  ISOLATED  AND  NEGATIVELY  CHARGED  ARE  THE  GOLD 
ADSORBING  SITES  EXPOSED  ON  REDUCIBLE  OXIDES  AS  THE 
REDUCED CERIA PREVIOUSLY SHOWN
D  #ATIONIC AND  ISOLATED GOLD  SITES  IRREVERSIBLY ADSORBING 
#/ UP TO  + ARE STABLE ON DOPED CERIA OR ON MIXED 
OXIDES  CONTAINING  CERIA  AS  OXIDIZED  !U#E/4I/ 
PREVIOUSLY SHOWN 
4HESE  FOUR  DIFFERENT  SURFACE  STRUCTURES  ARE  SHOWN 
SCHEMATICALLY IN &IGURE 
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